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Compound K Increases Type I Procollagen Level and
Decreases Matrix Metalloproteinase-1 Activity and
Level in Ultraviolet-A-irradiated Fibroblasts
Dawei He,1 Jianzhong Sun,1 Xiaodong Zhu,1 Shensheng Nian,1 Jun Liu2*
Background/Purpose: Ginsenosides have many biomedical efficacies, such as anti-aging, antioxidation, and
anti-inflammatory activities. Compound K (CK), one of the major metabolites of ginsenosides, mediates
the antimetastatic and anti-allergic activities of the ginsenosides. The purpose of this study was to investigate
the effect of CK on level of type I collagen, matrix metalloproteinase (MMP)-1 activity, and protein level in
ultraviolet (UV)A-irradiated fibroblasts.
Methods: Fibroblasts were cultured with and without CK (0.01 μM, 0.1 μM or 1 μM) for 2 hours. Cells
were sham-irradiated and irradiated with 50 kJ/m2, 100 kJ/m2 or 200 kJ/m2 UVA, and incubated in serum-
free Dulbecco’s modified Eagle’s medium, with or without CK for 24 hours. MMP-1 activity in the super-
natants and protein levels in the cells were assessed by zymography and western blotting, respectively.
Level of type I collagen was assessed by enzyme-linked immunosorbent assay.
Results: MMP-1 activity and protein level were increased by UVA, which was downregulated by CK.
Production of type I collagen was inhibited in UVA-irradiated fibroblasts, which was upregulated by CK.
Conclusion: CK is a potential agent for the prevention and treatment of skin photo-aging.
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UVA irradiation
Long-wavelength ultraviolet (UV)A radiation
(320–400 nm), which comprises 96% of the total
UV radiation that reaches the surface of the earth,
penetrates deeply into human skin.1,2 UVA is a
well-established epidemiological risk factor for
photo-aging and photocarcinogenesis.3 Chronic
sun exposure can increase skin wrinkle formation,
which is thought to be the result of a disturbed
equilibrium in the accumulation and degradation
of extracellular matrix proteins such as collagen.4
The degradation of collagens is normally tightly
controlled by the activity of a family of matrix
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metalloproteinases (MMPs) and their natural in-
hibitors.5 UV-induced MMP-1 initiates cleavage of
fibrillar collagen (types I and III in skin), which
can be further degraded by other proteinases such
as MMP-3 and MMP-9.6 UV-induced MMPs show
proteolytic activity to degrade skin matrix pro-
teins, which impairs the structural integrity of the
dermis.7 If the matrix is not repaired perfectly,
MMP-mediated collagen damage accumulates
with each successive UV exposure. Such cumula-
tive collagen damage is probably a major con-
tributor to the phenotype of photo-aged human
skin.7
Panax ginseng C. A. Meyer has long been used
as a herbal drug in traditional oriental medicine.
It has been shown to have many biological and
pharmacological activities, such as anti-aging, anti-
inflammation, and antioxidation.8,9 The major
pharmacologically active components of ginseng
are ginsenosides, which are steroidal saponins
that comprise 3–6% of ginseng.10 Ginsenoside
Rb2 can accelerate autoregulation of transcription
factor AP2, and increased AP2 elevates the cellu-
lar level of antioxidant enzymes such as Cu, Zn-
superoxide dismutase. Ginsenoside Rb2 provides
a molecular link between ginseng saponin intake
and its inhibitory effects on aging and mutation
by oxygen radicals.9 The pharmacological actions
of ginsenosides have been explained by their bio-
transformation by human intestinal bacteria.11,12
Compound K (CK; Figure 1) is one of the major
metabolites of ginsenosides, and mediates their
antimetastatic and antiallergic activities.13,14 CK
induces the expression of hyaluronan synthase 2 gene
and enhances hyaluronan synthesis in HaCaT
cells, which increases the hyaluronan content 
in aged hairless mouse skin.9 This suggests that
CK has the potent effect of inhibiting skin aging.
However, its functional effects on UVA-induced
MMP activity and collagen level have not been
thoroughly studied. Therefore, in the present work,
we investigated MMP-1 activity and protein level,
and level of type I collagen induced by UVA 
in cultured human dermal fibroblasts treated
with CK.
Materials and Methods
Chemicals
CK was prepared by incubation of protopanaxadiol-
type ginseng saponins with human intestinal
bacteria, extracted with n-butanol, washed with
water and saline successively, and centrifuged. The
supernatant with CK was concentrated in vacuo,
and subjected to column chromatography over
silica gel 60 with chloroform/methanol/water
(70:30:5T, v/v) and LiChroprep RP-8 using 85%
methanol as eluent to purify CK.
Cell culture and UVA irradiation
Human dermal fibroblasts (HDFs) were isolated
from foreskins of young Chinese children. Skin
specimens were cut into small pieces, and out-
grown fibroblasts were trypsinized and grown 
in Dulbecco’s modified Eagle’s medium (Gibco,
USA) supplemented with 10% fetal bovine serum
(FBS) at 37°C in a 5% CO2 and 95% humidified
air incubator. Cells were harvested by 0.25%
trypsin for 2 minutes, followed by treatment with
Dulbecco’s modified Eagle’s medium with 10%
FBS. Cells were grown to 60–70% confluence
and starved for 24 hours in culture medium that
contained 0.5% FBS before irradiation or drug
addition. The purity of CK (from Hisun Phar-
maceutical Co., Ltd., China) was determined by
high-performance liquid chromatography. It was
found that the purity was greater than 97%
(Figure 2). CK was dissolved in dimethyl sulfox-
ide as a 1000-fold stock solution, and added to
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Figure 1. Chemical structure of compound K.
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the medium at various concentrations. Dimethyl
sulfoxide was present in the control culture at a
concentration of 0.1% (v/v). HDFs were pre-
treated with CK at different doses (0.01μM, 0.1μM
or 1 μM) for 2 hours before UVA irradiation.
Subconfluent cells in phosphate-buffered saline
were sham-irradiated or irradiated with 50 kJ/m2,
100 kJ/m2 or 200 kJ/m2 UVA. Following irradia-
tion, phosphate-buffered saline was replaced by
culture medium with or without CK. The cells and
culture medium of fibroblasts were harvested 
at 24 hours after irradiation. The UV irradiation
apparatus used in this study consisted of a 3-kW
metal halogenide UVA source (UVA SUN3000;
Mutzhas, Germany), which emitted wavelengths
in the 340–450nm range. Irradiation fluences were
monitored with a UVA dosimeter (UVA Meter;
Martinsried, Germany).
Cell viability
Cells were used at 70–80% confluence to study
the cytotoxic effect of CK. HDFs were treated
with or without UVA irradiation (200 kJ/m2) or CK
(0.01μM, 0.1μM or 1μM) for 24 hours or 48 hours.
Cell growth and viability were determined by 3-
[4,5-dimethylthiazol-2-yl]-2-5-diphenyl tetrazoli-
umbromide (MTT) assay, as described previously.15
All experiments were done in triplicate and per-
formed at least three times.
Zymography
To detect the activity of secreted MMP-1 in cul-
ture supernatants, zymography was performed in
10% polyacrylamide gels that contained gelatin,
as previously described.17 Samples were suspended
in loading buffer [10% sodium dodecyl sulfate
(SDS), 25% glycerol, 0.25 M Tris, pH 6.8, and
0.1% bromophenol blue], and without prior de-
naturation, run on 10% SDS-polyacrylamide gels
that contained 0.5 mg/mL gelatin. After electro-
phoresis, gels were washed to remove SDS and
incubated for 30 minutes at room temperature
in renaturing buffer (50 mM Tris, 5 mM CaCl2,
0.02% NaN3, and 1% Triton X-100). The gels
were then incubated for 24 hours at 37°C in de-
veloping buffer (50 mM Tris, pH 7.8, 0.15 M NaCl,
5 mM CaCl2, and 1% Triton X-100). Gels were
subsequently stained with Coomassie Brilliant
Blue G-250 for 10 minutes, and destained with
10% acetic acid for 1 hour to detect the bands of
proteolytic activity. For quantification of the bands,
the gels were scanned by an image-analysis system
and analyzed with AIDA image software (Raytest,
Straubenhardt, Germany).
Western blotting
Western blot analysis was performed as described
previously.17 Whole-cell-extract proteins (50 μg)
were subject to SDS-polyacrylamide gel electro-
phoresis. Proteins were transferred to polyvinyli-
dene fluoride membranes, blocked in 5% non-fat
dry milk, 1% bovine serum albumin, and 0.1%
Tween 20 in Tris-buffered saline. Membranes were
probed with monoclonal antibody against human
MMP-1 (1:2000; Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Membranes were washed exten-
sively and incubated with goat anti-mouse IgG
conjugated with peroxidase (1:5000; R&D Systems,
USA) for 1 hour at room temperature, followed
by enhanced chemiluminescence detection. For
quantification of the bands, the developed films
were scanned by an image-analysis system and
analyzed with the AIDA image software (Raytest).
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Figure 2. Purity of compound K (CK) was examined by
high-performance liquid chromatography (HPLC). One mil-
ligram CK was dissolved in 1 mL methanol. Ten-microliter
sample solution was measured by HPLC. The chromato-
graphic column was ODS(C-18). The mobile phase was
composed of acetonitrile and water (6:4). The detection
wavelength was 203 nm. The retention time was 6.74 min-
utes. The purity of CK in the sample was greater than 97%.
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Enzyme-linked immunosorbent assay
(ELISA)
Type I collagen production was assessed by mea-
suring the procollagen type I C-peptide concen-
tration in the supernatant using an ELISA PIP kit
(TPI, USA) according to the manufacturer’s instruc-
tions, and as previously described.18 Each sample
was analyzed in triplicate.
Statistical analysis
The results were expressed as means ± standard
deviation. SPSS version 10.0 (Chicago, IL, USA)
was used for all statistical analysis. Results were
evaluated by paired-samples t test. The statistical
level of significance was set at p < 0.05.
Results and Discussion
MMPs are involved in the degradation of skin
matrix proteins such as collagen. Previous stud-
ies have shown that UVB/A2 induces MMP ex-
pression and activity in human skin in vitro and
in vivo.19,20 In this study, we investigated whether
CK affected MMP-1 expression and activity in UVA-
irradiated human skin fibroblasts. Treatment with
CK (0.01 μM, 0.1 μM or 1 μM) did not affect cell
viability, regardless of whether the HDFs were ex-
posed to UVA (Figure 3). The activity of secreted
MMP-1 was determined by zymographic analysis
of HDF supernatants. Consistent with previous
studies,21 activity of MMP-1 increased with UVA
dose (Figure 4). Treatment with CK inhibited UVA-
induced MMP-1 activity by 21% at 0.01 μM, 32%
at 0.1 μM, and 44% at 1 μM (Figure 4). MMP-1
protein level was assessed by western blotting. UVA
irradiation of the HDFs caused a dose-dependent
increase in MMP-1 protein, which was inhibited
by CK in a dose-dependent manner (Figure 5).
CK decreased UVA-induced MMP-1 protein level by
27%, 38% and 77% in the presence of 0.01 μM,
0.1 μM and 1 μM CK, respectively (Figure 5). We
also studied the effects of CK on the level of type
I procollagen in UVA-irradiated cultured HDFs.
The protein level was determined in the culture
medium by ELISA. Type 1 procollagen expression
level increased by 29%, 37% and 68% in the
presence of 0.01 μM, 0.1 μM and 1 μM CK, re-
spectively (Figure 6). Epigallocatechin gallate
(EGCG), a component of green tea with known
anti-aging properties, was used as a control drug.
EGCG decreased MMP-1 expression by a maxi-
mum of 62% and increased type-1 procollagen
expression by 95% at 1.0 μM (Figure 7).
Alterations in collagen have been thought to
be a cause of the clinical skin changes of photo-
aging and natural aging.7 The dermis contains
predominantly type I collagen (85–90%). The
precursor molecules of collagen are called pro-
collagen, which is synthesized in the form of
polypeptide chains of type I collagen in dermal
fibroblasts.7 UV irradiation induces the activity
and synthesis of MMP in human skin, which me-
diate collagen destruction that results in much
connective tissue damage.22,23 MMP levels become
higher and collagen synthesis lower in human
skin in vivo, with increasing age.24 Therefore, eleva-
ted MMP expression and a concomitant reduction
in collagen synthesis are common mechanisms of
natural skin aging and photo-aging. In this study,
we found that CK increased type I procollagen
level and decreased MMP-1 activity and level in
HDFs. However, the detailed mechanism by which
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Figure 3. Effects of compound K (CK) on cell viability in
human dermal fibroblasts treated with or without ultraviolet
(UV)A. Cells were sham-irradiated or irradiated with 200 kJ/
m2 UVA, and incubated in serum-free Dulbecco’s modified
Eagle’s medium with or without CK (0.01 μM, 0.1 μM or
1 μM) for 24 hours or 48 hours. Cell viability was assayed
by the 3-[4,5-dimethylthiazol-2-yl]-2-5-diphenyl tetrazo-
liumbromide (MTT) method. The data were presented 
as means ± standard error of the mean of three individual
experiments.
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Figure 4. Effect of ultraviolet (UV) A irradiation (A) and compound K (CK) (B) on matrix metalloproteinase-1 activity in 
supernatants of normal human dermal fibroblasts. Cells were sham-irradiated or irradiated with 50 kJ/m2, 100 kJ/m2 or
200 kJ/m2 UVA, and incubated in serum-free Dulbecco’s modified Eagle’s medium with or without CK (0.01 μM, 0.1 μM
or 1 μM). Cell supernatants were collected at 24 hours after treatment. Gelatinolytic activity was assessed by zymography.
Results are representative of three independent experiments with similar results. Densitometric data were normalized 
by arbitrarily setting the mean densitometry of the controls to 1.0, and are shown as mean ± standard deviation of fold
increase (n = 3). *p < 0.01 versus controls (no UVA); †p < 0.05, ‡p < 0.01 versus controls (no CK).
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Figure 5. Effect of ultraviolet (UV) A irradiation (A) and compound K (CK) (B) on matrix metalloproteinase (MMP)-1 protein
level in normal human dermal fibroblasts. Cells were sham-irradiated or irradiated with 50 kJ/m2, 100 kJ/m2 or 200 kJ/m2
UVA, and incubated in serum-free Dulbecco’s modified Eagle’s medium with or without CK (0.01 μM, 0.1 μM or 1 μM).
Cells were collected at 24 hours after treatment. MMP-1 protein levels were assessed by western blotting. Results are
representative of three independent experiments with similar results. MMP-1 protein levels were normalized by glycer-
aldehyde 3-phosphate dehydrogenase. Densitometric data were normalized by arbitrarily setting the mean densitometry
of the controls to 1.0, and are shown as mean ± standard deviation of fold increase (n = 3). *p < 0.05, **p < 0.01 versus
controls (no UVA); †p < 0.05, ‡p < 0.01 versus controls (no CK).
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CK regulates type I procollagen and MMP-1 expres-
sion remains to be determined.
UV-induced activation of extracellular signal-
regulated kinase (ERK), c-jun kinase (JNK) and
p38 mitogen-activated protein kinase (MAPK)
results in increased expression of the transcrip-
tion factors c-fos and c-jun in cultured cells.22
Upon UV irradiation of human skin, c-fos pro-
tein heterodimerizes with UV-induced c-jun, and
forms an active form of the transcription factor
activator protein-1 (AP-1).23 UV-activated AP-1
stimulates the transcription of the MMP gene that
encodes collagenase in keratinocytes and fibro-
blasts.22,23 In addition, AP-1 is also known to
regulate type I procollagen gene expression nega-
tively.25 A previous study has shown that IH-901
(CK) inhibits phosphorylation of ERK1/2 in
mouse skin, but the level of the total form of
ERK remains almost constant.26 IH-901 also in-
hibits nuclear factor (NF)-κB DNA binding, by
blocking p65 nuclear translocation and IκBα
degradation. CK significantly represses activation
of p38 MAPK, ERK and JNK, which are upstream
modulators of AP-1.27
UV-irradiation-induced reactive oxygen species
can activate NF-κB and the MAPK signal trans-
duction pathways in cells, stimulate expression
of MMPs, and inhibit production of collagens I
and III, thus disturbing the metabolism of dermal
extracellular matrix and causing the characteristic
changes of photo-aging. EGCG, as a well-known
antioxidant, has been shown to inhibit NF-κB
and MAPK pathways. However, CK did not exhi-
bit any antioxidant activity in a previous study.28
Therefore, it was possible that CK increased type I
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Figure 7. Effect of compound K (CK) and epigallocatechin
gallate (EGCG) on ultraviolet (UV)-irradiation-induced pro-
duction of (A) matrix metalloproteinase (MMP)-1 and 
(B) type-1 procollagen in human fibroblasts. UVA-exposed
(200 kJ/m2) cells were cultured for 24 hours in the pres-
ence of CK or EGCG. Cells were collected at 24 hours after
treatment. MMP-1 expression was determined by western
blotting. Type-1 procollagen was determined in the culture
supernatants by enzyme-linked immunosorbent assay. Data
are expressed as percentage of controls; each column repre-
sents the mean± standard deviation of three determinations.
Asterisks indicate significant difference relative to the control
group with UVA irradiation (p < 0.05).
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Figure 6. Effect of compound K (CK) on procollagen type
I C-peptide (PIP) level in normal human dermal fibroblasts
irradiated by ultraviolet (UV)A. Cells were sham-irradiated
and irradiated with 50 kJ/m2, 100 kJ/m2 or 200 kJ/m2 UVA,
and incubated in serum-free Dulbecco’s modified Eagle’s
medium with or without CK (0.01 μM, 0.1 μM or 1 μM).
Cell supernatants were collected at 24 hours after treat-
ment. PIP levels were assessed by enzyme-linked immuno-
sorbent assay. These data represent the mean ± standard
error of the mean of three samples. *p<0.05, **p<0.01 ver-
sus controls (no UVA); †p < 0.05, ‡p < 0.01 versus controls
(UVA: 200 kJ/m2, no CK).
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procollagen level and decreased MMP-1 activity
and level in the present study, which was related
to blocking the ERK, p38 MAPK, JNK, AP-1 and
NF-κB signaling pathways. Additional studies will
be necessary to clarify the detailed mechanism of
the regulation of collagen and MMP-1 expression
by CK in UVA-irradiated dermal fibroblasts.
In conclusion, we have identified ginsenoside
CK as an agent that can increase type I procolla-
gen level and decrease MMP-1 activity and level
in cultured dermal fibroblasts. It remains to be
determined whether topically applied CK reduces
the development of skin photo-aging after chronic
UV exposure, and can be used as a therapeutic
agent for preventing UV-induced skin photo-aging
and even natural skin aging.
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